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It has been established that detergents modify the structure of native proteins. For example, alkylbenzene sulfonate has been shown to change the molecular structure of native egg albumin by an unfolding of the coiled polypeptide chains (1) . Earlier Anson demonstrated that, under the influence of the detergent Duponol,® the enclosed sulfhydryl groups of this native protein are exposed and become titratable; prior to the action of the detergent these groups do not react with sulfhydryl reagents (2) . The dispersing effect of Duponol® on keratins is evidence that a denaturation occurs with these proteins as \vell (3) .
No quantitative data are available on the denaturing effect of various soaps and detergents on skin proteins. To determine whether soaps and detergents, as commercially available, might alter the keratin molecule in such a way as to expose sulfhydryl groups, a number of products were tested for their sulfhydrylexposing capacity on human keratin. The object of this study was to determine whether this particular denaturing effect is different for each product. The posibility was also considered that the magnitude of such in vitro effects might be correlated with the relative incidence of dermatitis from these products.
EXPERIMENTAL
The following types of keratin were used: 1. dry, powdered pantar keratin; 2. dry, powdered plantar keratin defatted by washing three times with dry ether; 3. defatted, dry, powdered plantar keratin to which human sebum had been added in a 1 % final concentration; 4. ether washed po\vdered human hair; 5. ether \vashed powdered human nails. Twenty to sixty mgm. samples of these * Determined by glass electrode.
t Determined by universal pH indicator (pH unchanged after incubation at 40°C for 2 hours).
Average of duplicate determinations. § Average of triplicate determinations.
acid and sodium hydroxide respectively. The keratin samples were incubated in these solutions for two hours at 40°C with frequent agitation. Immediately after incubation the sulfhydryl content was determined by the method of Flesch and Kun (4). Another series was set up with plantar keratin for the purpose of determining the pH of the solutions before and immediately after the addition of keratin, and after incubation for two hours. Control samples were suspended in 2 cc. tap water; in another control series tap water was used, the pH of which was adjusted from 4.5 to 10.5 with acetic 
RESULTS
The degree of sulfhydryl exposure in the soft pantar keratin by these solutions is represented in Table I . Repeated determinations showed that the extent to which the various soaps and detergents attacked the keratin molecule followed a rather consistent pattern. Ten per cent solutions had a similar but much more marked effect. The order of degree in which these products liberated sulfhydryl from hard keratin is somewhat different (Table II) . Nevertheless the products which caused the greatest exposure of sulfhydryl groups in soft keratin also caused the greatest exposure in the hard keratins. Water consistently produced a minimal effect, regardless of the pH. With the exception of Spic and Span®, the pH of all solutions fell to acid levels after the addition of keratin.
Sebum protected the soft keratin somewhat against the denaturing effect of a number of the products hut no such protection was afforded against the remainder.
DISCUSSION
The 1 % concentration of the soaps and detergents used in this study is approximately that which one would expect to find on the surface of the skin under conditions of household use. It is highly probable that the skin is often exposed to much higher concentrations of these materials as a result of repeated exposures and evaporation of water, and particularly in certain body areas, e.g. under rings, in interdigital spaces, etc. The data suggest that, in vivo, sebnm may exert a certain slight protective action against some of these products. However, the detergents with a powerful sulfhydryl exposing action apparently also have a pronounced degreasing ability which counteracts this slight protective action of sebum.
The question might be raised as to why water adjusted to a pH of 9.5 and higher did not attack the keratin molecule, since it is known that solutions of such high pH dissolve keratin by rupturing disulfide linkages, with formation of sulfhydryl groups (5, 6) . Under our experimental conditions the relatively large amounts of keratin used immediately lowered the pH of the small volume of suspending solution to acid levels because of the buffering effect of keratin. The same applies to the solutions of soaps and detergents with a high pH which, likewise, fell to acid levels from the buffering action of keratin. The only exception was Spic and Span® which maintained a high alkaline pH after the addition of keratin. In this case it is possible that additional amounts of sulfhydryl were exposed by the splitting of disulfide linkages at this critical pH.
It is not permissible to conclude that the order of increasing denaturing effect on plantar keratin by the soaps and detergents used here represents the order in which these products are likely to cause dermatitis. Correlation of these in vitro data with clinical findings is being carried out by one of us (J. B. L.). Nevertheless, it is highly probable that, among other factors, the alteration of the molecular structure of keratin as demonstrated by these values is au important mechanism in the production of dermatitis by soaps and detergents as a group. The compact structure of keratin is loosened by these substances and it would seem that a certain amount of protection is lost in this way.
The precise mechanism of the interaction between proteins and detergents is not known. It is probable that certain cross bonds (not the disulfide bridges (7)) between polypeptide chains are disrupted, thereby exposing the previously enclosed sulfhydryl groups. Although keratinization is generally considered to be characterized by the transformation of the epidermal sulfhydryl groups to the disulfide bridges of the keratin molecule, there is ample evidence that considerable numbers of the sulfhydryl groups do not undergo this transformation. Thus, it has been shown that hair and other hard keratins contain significant amounts of cysteine (3, 8, 9, 10) . The presence of sulfhydryl groups in epidermal soft keratin has been demonstrated by recent histochemical technics which employ specific sulfhydryl reagents (11, 12) . Further chemical data on the sulfhydryl, and disulfide, content of various types of keratins have been accumulated in this laboratory and will appear elsewhere (7).
SUMMARY
Various types of keratin (stratum corneum, nails, hair) were incubated in solutions of soaps and detergents. By this treatment the measurable amounts of sulfhydryl groups were increased over those of control solutions. These findings indicate a certain denaturing effect of these substances on the keratin molecule. The possible role of this effect in the prodnction of dermatitis from these substances is discussed.
